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FOREWORD.

This report represents an expeditious effort by the
Reservoir Control Center to prepare a hydrologic
description of the flood of March - April 1987 and
summarize the associated reservoir regulation acti- %
vities. The event was the most widespread New Eng-
land flood in approximately 50 years; and this
report is intended to provide an overall picture of
what occurred at Corps-built flood control projects
and also create a document for reference in future
years.

The following people were involved in the preparation
of this report:

Joseph Finegan - Chief, Reservoir Control Center
Timothy Buckelew - Hydrologist
Nicholas Forbes - Hydraulic Engineer
Robert Mirick - Hydraulic Engineer
Margery Cotter - Secretary

Appreciation is extended to Lawrence Bergen, Chief,
Water Control Branch, who gave valuable assistance to
RCC during the flood.

Cover photo of spillway discharge at Knightville Dam
taken by Leo Milette on 6 April 1987 at 1320 hours
with 1.9 feet of water over the crest.
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FLOOD REPORT
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I. INTRODUCTION

A. GENERAL

During a one-week period beginning at the end of March
1987, a pair of intense rainstorms hit most of New England,
causing major flooding in Connecticut, Massachusetts, New
Hampshire, Vermont and Maine. These two storms, augmented by
snowmelt in the mountains and northern areas, resulted in the
most widespread flooding in about 50 years. The storms
created two separate and significant flood peaks, especially
in southern and central regions. Rainfall maps for each
event and for the total period are shown in exhibits 1, 2,
and 3; rainfall amounts at Corps reservoirs are indicated on
exhibit 4. Additional information on antecedent hydrologic
conditions is summarized in exhibit 5, which is a Situation
Bulletin prepared by RCC, as of 25 March 1987.

B. STORM OF 31 MARCH - 1 APRIL

.-i
The month of February and most of March were character-

ized by very little precipitation and sunny, clear weather.
As a result, snow cover throughout New England had been
reduced substantially from near record highs at the end of -.

January. This was especially-true in southern New England
where the snowpack had mostly disappeared, although signifi-
cant amounts of snow still remained in higher elevations of
western Massachusetts and Connecticut and the hilly and moun-
tainous areas of the three northern states. In the week
before the first storm, windy and sunny weather caused a re-
duction of 2 to 3 inches of the water content in the snowpack
in the Connecticut River Basin and up to 3 inches in the
Merrimack River Basin. This condition increased flows on the
main stem of the Merrimack and Connecticut Rivers to about 40
to 50 percent of channel capacity. Exhibit 6, showing thee?
'latest' printout reading for each GOES station for 30 March
at 0808 hours, illustrates this condition.

During the next two days an intens-, fast moving storm
system buffeted the entire New England area with heavy rain-
fall, strong southerly winds and temperatures in the fifties4
and sixties. As a precautionary measure to the forecasted
storm, the flood control gates at most Corps reservoirs were
throttled to minimum releases on Monday afternoon, 30 March.



The storm system deposited 3 to 5 inches of rain in southern
and coastal areas and 2 to 3 inches over much of northern New
Hampshire and Vermont, both of which had 3 to 5 inches of
water equivalent in their remaining snowpacks.

This rainfall caused significant rises in all rivers.
However, water levels in the smaller basins of southern New
England such as the Blackstone, Thames and Naugatuck remained
below flood stage, due in part to Corps reservoirs and in
part to dry antecedent conditions with no snowmelt. Active
snowmelt in the hills and mountains of northern and central
Vermont and New Hampshire combined with the rainfall to
create flood conditions in many watersheds within the Con-
necticut and Merrimack Basins. The entire length of the Con-
necticut River from White River Junction, Vermont to Long
Island Sound rose to several feet above flood stage. The
Pemigewasset River upstream of Franklin Falls Dam also ex-
perienced damaging flood conditions, and the Merrimack River
at Lowell, Massachusetts crested at flood stage.

Corps reservoirs reduced stages on many of the larger
rivers and streams during this flood, as flood control stor-
age utilized ranged from about 30 to 70 percent at reservoirs
in the Connecticut River Basin and about 40 to 75 percent at
reservoirs in the Merrimack River Basin. Regulation at Corps
reservoirs in the remaining basins resulted in lesser amounts
of flood control storage being used. A watershed map of New
England, located in the front of Appendix A of this report,
shows the locations of all Corps-built dams.

This event also created flood conditions in many of the
rivers of western and central Maine, with serious flooding on
the Androscoggin, Saco and Penobscot Rivers. In addition,
discharges on the Kennebec River exceeded the previous record
flood of March 1936 along its entire length from about
Madison, Maine to its mouth. Since there are no Corps flood
control reservoirs in the State, the only reference to this
event for Maine will be limited to 'damages prevented' by
Corps-built local protection projects. The U.S. Geological
Survey in Augusta, Maine is preparing a hydrologic report on
flooding in the State.

C. STORM OF 4-8 APRIL

On 4 April, another intense but slow moving storm hit
southern and much of central New England with heavy rainfall
ranging from 4 to 7 inches. This 4-day storm had heavier
precipitation over a larger area, creating a classic one-two
flood punch. Corps flood control reservoirs were again
throttled to minimum releases before the onslaught of this



second storm, and the resulting inflows into already par-
tially full reservoirs resulted in record pool levels at 20
projects and near record amounts at eight others. In six
cases (Knightville, Townshend, Ball Mountain, Surry Mountain,
Otter Brook, and Edward MacDowell) flood control storage was 4
exceeded, resulting in uncontrolled spillway discharge.

The extensive runoff created widespread flooding condi-
tions, particularly within the middle and lower reaches of
the Merrimack and Connecticut River Basins. At Lowell, MA
the Merrimack River rose to its highest level since Septem-
ber 1938; and the Nashua, Concord and Spicket Rivers experi-
enced serious flooding. The Connecticut River from Brattle-
boro, Vermont to it mouth again rose several feet above flood
levels; and flooding was experienced in the West, Ashuelot,
Deerfield, Westfield and Farmington River watersheds. Within
the Naugatuck, Shetucket, Quinebaug, French and Blackstone
River watersheds the main rivers rose to bankfull capacities,
but no significant flooding was experienced in areas located
downstream of Corps reservoirs.

Exhibit 7 shows a printout of GOES readings from each
station taken during the flood on 7 April. Exhibit 8 lists
the maximum water levels during this event at all 35 Corps-
built reservoirs. Graphical reservoir summaries for the 28
"manned" reservoirs, showing precipitation, pool levels and
discharges for the 31-day period from 31 March to 30 April .
are presented on exhibits 9 through 36. Also, a tabulation
of selected flood peaks at gages in the Merrimack River Basin
and in other watersheds is included in exhibit 37.

II. RESERVOIR REGULATION

A. GENERAL

Reduction of floodflows resulting from Corps reservoirs
was significant during both events at all downstream areas.
These reductions, for purposes of computing damages pre-
vented, are tabulated for selected locations in exhibits 38a p.:

and 38b. In addition, Appendix A of this report includes RCC -.

worksheets showing pool levels and peak inflows at Corps res-
ervoirs during both floods. The worksheets include other
graphical representations of observed and computed natural
flows (without Corps reservoirs) at selected river index sta-
tions for both events. There are 48 worksheets contained in
Appendix A.

A discussion of Corps regulation activities in each basin
is included in the following paragraphs.

,3
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B. CONNECTICUT RIVER BASIN

The Connecticut River in Massachusetts and Connecticut
experienced damaging floodflows during both events, in spite
of the regulation activities at the 16 Corps reservoirs
within the basin. A summary of the observed and computed
natural flows at 4 locations along the main stem follows.
Refer to the worksheets in Appendix A for background.

Peak #1 Peak #2
Location Observed Natural Observed Natural

(cfs) (cfs) (cfs) (cfs)

Montague City, MA 128,000 160,000 109,000 123,000

Holyoke, MA 125,000 157,000 113,000 129,000

Thompsonville, CT 141,000 174,000 134,500 153,000

Hartford, CT 131,500 163,500 139,200 159,500

Although considerable snowmelt occurred in the Vermont
watersheds during the first flood, the rainfall totals for
both storms were somewhat less at the three upper Corps res-
ervoirs located in Vermont, namely, Union Village, North
Hartland and North Springfield; and these projects stored all
the runoff during both floods, with the result that down-
-,ream areas along the Ompompanoosuc, Ottauquechee and Black
Rivers did not experience flood problems. After downstream
Connecticut River flooding receded, controlled reservoir
releases were initiated to start the evacuation of stored
floodwaters.

Ball Mountain and Townshend Lakes, located on the West
River in southern Vermont, had stored significant runoff from
the first event; whereupon, heavy rainfall during the second
storm resulted in enough flood runoff to create spillway dis-
charge at both projects. Townshend started spilling on
5 April and continued for four days until 9 April. Spillway
discharge at Ball Mountain started early on 6 April and
continued until 8 April. Fortunately the peak discharges
(10,000± cfs at Townshend and 5,8001 cfs at Ball Mountain)
did not result in serious flood problems along the West River
because these discharges occurred just after downstream West
River floodflows had receded.

In the Ashuelot River watershed of New Hampshire, the
Surry Mountain and Otter Brook Reservoirs experienced spill-
way discharges as a result of the second storm, occurring

4
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from 6 to 9 April at Surry Mountain and from 7 to 10 April at
Otter Brook. Maximum releases from Surry Mountain rcse to
about 2,250 cfs, which exceeded the downstream channel capa-
city of 1,250 cfs. This was the highest discharge from the
project since its completion in the early 1940's. Along the
Ashuelot River in Keene significant flood damage from the
Surry Mountain spillway discharges was experienced. After
Surry's spillway flows ended, the evacuation of the reservoir
floodwaters was a lengthy procedure because the channel capa-
city is limited by the river's flat gradient through the city
of Keene. However, with the understanding and approval of
local officials and citizenry, RCC was able to make regulated
releases (lasting about a week) that exceeded the 1,250 cfs
channel capacity. This was accomplished in order to regain
some flood control storage in the reservoir and prevent
another spillway discharge in case of a followup rainstorm.

Otter Brook started spilling on 7 April in the afternoon
and discharges slowly increased to about 750 cfs during the
next 18 hours. Although this peak discharge was greater than
the normal maximum regulated release rate of 650 cfs, it did
not cause downstream damages along Otter Brook, along the
Branch or along the Ashuelot River downstream of Keene. The
communities along the Ashuelot downstream of Keene were for-
tunate that the spillway discharges from both reservoirs
occurred after the flood runoff from the uncontrolled areas
in the watershed had significantly receded and therefore did
not create additional flood problems.

Rainfall in the Millers and Chicopee River watersheds was
considerable from both storms; however, the impact of snow-
melt was minimal. Although record pool levels were reached
at Birch Hill, Tully and Barre Falls, the reservoirs were
able to store the flood runoff from both events. Flows along
the main stem of the Millers, Ware and Chicopee Rivers re-
mained below flood levels. Most of the released floodwaters
from Barre Falls were subsequently diverted by the Massachu-
setts Water Resources Authority's Coldbrook Diversion, on the
Ware River, into Quabbin Reservoir for water supply.

The two Corps reservoirs within the Westfield River
watershed, namely, Knightville and Littleville, experienced
record levels with spillway discharge occurring at Knight-
ville for the second time since its construction in the early
1940's. This was the first reservoir to have spillage during
the flood, and it continued from the morning of 5 April until
the evening of 7 April. While Knightville was spilling,
Littleville Lake floodwaters rose to 89 percent of capacity
(it should be noted, however, that Littleville's storage
capacity of 8.3 inches is much greater than Knightville's 5.7

5
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inches). Peak discharges from Knightville reached about
5,500 cfs, the largest discharge in more than 45 years; how-
ever, this did not create serious flooding problems in Hunt-
ington, Westfield or other communities along the Westfield
River, because of the timing and desynchronization with
floodflows from the uncontrolled downstream drainage areas.

Within the Farmington River watershed, the Corps has
constructed three flood control reservoirs. Colebrook River
Lake is the largest and includes s :orage for water supply and
flood control. Just before the first event, the water supply
pool was only partially full and could take 2 inches of run-
off from its upstream watershed before flood control storage
was affected. During both flood events, Colebrook Reservoir
stored the entire runoff (except for minimum required re-
leases) from its 118-square mile drainage area. The reser-
voir level rose to 41 percent of flood control capacity and
stored an amount of runoff equal to 6.7 inches. In spite of
the regulation activity, the lower reaches of the Farmington
River experienced extensive damage, particularly in the large
flood plain between River Glen and Tariffville. The two
other dams (Mad River and Sucker Brook), which have compara-
tively small drainage areas and ungated conduits with limited
discharge capacities, helped to minimize flooding on the Mad
River in Winsted and to a lesser degree helped to reduce
flows on the Farmington River.

Five of the six reservoirs having spillway discharges are
located in the Connecticut River Basin. A tabulation of
spillway discharge data is therefore included for reference
on the following page.

61
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C. MERRIMACK RIVER BASIN

During the first flood, discharges in the Merrimack River
from Franklin, NH to Nashua, NH were kept below flood levels;
downstream of the Massachusetts State line the river peaked
at about flood stage. Nonetheless, heavy rains of the second
event, particularly over the southern and central areas of
the basin, created widespread flooding resulting in the high-
est discharge at Lowell, MA since September 1938. A summaryof the observed and computed natural flows for both events at
4 gaging stations on the main stem and at 2 gages on New
Hampshire tributaries follows (also refer to worksheets in
Appendix A).

Peak #1 Peak #2
Location Observed Natural Observed Natural

(cfs) (cfs) (cfs) (cfs)

Franklin NH 14,000 59,000 - -

Concord, NH 21,000 72,500 29,000 50,000

Goffs Falls, NH 38,000 83,500 48,000 68,500
(Manchester)

Lowell, MA 55,200 92,500 85,000 103,000

Contoocook R.

at Riverhill, NH
(Penacook) 6,500 22,400 11,500 27,000

Piscataquog R. at
Goffstown, NH 6,450 8,900 7,600 11,500

It is of special interest to note that RCC files indicate
the computed natural peak flows of 92,500 cfs and 103,000 cfs
at Lowell, MA were exceeded in this century only by the March
1936 peak of 173,000 and September 1938 peak of 121,000 cfs.
The flood of June 1984 had an observed peak of 60,300 cfs,
with a computed natural of 90,000 cfs.

The most important flood control dam in New England is
the Franklin Falls project, located on the Pemigewasset River
in Franklin, New Hampshire. During the first event the peak
inflow into the reservoir reached a record-tying 55,000 cfs,
which was caused by 2 to 4 inches of intense rainfall and
melting of a ripe snowpack. Regulated outflows were limited
to 10,000 cfs until the morning of 2 April, and then were

8
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gradually increased to 17,000 cfs during the next 48 hours.
On 3 April, the reservoir peaked at elevation 375.4 feet,
0.3 foot less than the March 1953 record level, utilizing 76
percent of storage. This was of serious concern, particu-
larly during the second event because this project has much
less storage than all other reservoirs, only 2.8 inches of
runoff for its 1,000-square mile drainage area. Fortunately,
rainfall in the Pemigewasset watershed for the second storm
was only about 2 inches, and available flood storage was not
exceeded. During this second flood the regulated releases
were varied between 14,000 cfs and 11,000 cfs, as RCC main-
tained the pool level below 370 feet, so as to have a reserve
storage available in case of additional rainfall. The Pemi-
gewasset watershed was saturated and subject to rapid runoff,
with the real possibility of uncontrolled spillway discharge
occurring, creating additional flooding along the entire
length of the Merrimack, particularly in New Hampshire. It
is noted the normal maximum release rate at Franklin Falls is
18,000 cfs.

The remaining Corps dams (MacDowell, Hopkinton, Everett .
and Blackwater) are located on the westerly side of the
basin, within the Contoocook and Piscataquog River water-
sheds. Rainfall for both storms was quite heavy, and two
flood peaks occurred. MacDowell Dam, located on Nubanusit
Brook is regulated primarily to provide protection to Peter-
boro and other communities along the upper Contoocook River,
and during both floods the floodgates were throttled to
minimum releases. However, on 6 April, floodwaters in the
reservoir rose above spillway crest elevation and remained
above crest level until 12 April. Location of the MacDowell
spillway is quite unique in that it is located at the oppo-
site end of the reservoir about 3 miles northeast of the dam.
The reservoir fills up, rises up over a local roadway into
Halfmoon Pond, flows over the spillway, empties into Davis
and Ferguson Brooks and then into the Contoocook River, down-
stream of Peterboro. It was observed the roadway elevation
was about 2 feet higher than the spillway crest and until the
roadway was overtopped no significant spillway discharge
occurred. Eventually the road was overtopped and partially
washed out, and the water level at the weir crest rose to
about 1.8 feet, with a spillway discharge of about 800 cfs.
(Followup hydraulic studies will be undertaken to determine
what modifications to the existing road are necessary to
ensure no impact on the dam's freeboard requirements). When
downstream Contoocook River flooding receded, controlled
releases from the dam were made into Nubanusit Brook and
maintained at full channel capacity for more than two weeks
until floodwaters were emptied.

9



Hopkinton Dam, located on the Contoocook River, and
Everett Dam on the Piscataquog River, are a dual reservoir
system connected by two canals, that act as two separate res-
ervoirs during minor floods, and as a single reservoir during
moderate and major floods. In the larger events, the Con-
toocook River floodwaters enter the Hopkinton pool and are S
then diverted through the canals into the Everett pool.
When the Hopkinton pool level rises above elevation 401 feet
floodwaters are diverted into the Everett reservoir via the
canals and unless the Everett reservoir level rises above 401
feet msl, all Contoocook River floodwaters that enter the
Everett poo-have to be released into the Piscataquog River.
The channel capacity downstream of Everett Dam is about 1,500
cfs, whereas the channel capacity downstream of Hopkinton Dam
is about 7,000 cfs.

During the early morning hours of 7 April, the regulated
releases from Hopkinton were only 460 cfs because of flood
conditions along the lower Merrimack River. However, when it
appeared that spillway discharge at Hopkinton would probably
occur within the next 24 hours, the discharges were gradually
increased so that by 2400 hours on 7 April, the conduits were
releasing more than 7,100 cfs. The pool level continued to
rise slowly until it crested at 415.8 feet at 2300 hours on
8 April, with a release rate of 7,530 cfs. Elevation 415.8
is only 0.2 foot below the Hopkinton spillway crest and 2.2
feet below the Everett spillway. If the Hopkinton pool had
continued to rise above spillway crest, the conduit releases
would have been reduced to 6,500 cfs; if the pool had risen
above 417 feet, the conduit release would have been further
reduced to 5,000 cfs. This regulation sequence would have:
(1) utilized the 2 feet of surcharge storage above the
Hopkinton spillway crest, thus delaying the passage of extra
floodwaters down the Contoocook River, (2) prevented flows
down the Contoocook River from rising above 7,500 cfs, and
(3) reduced the threat of discharge over the Everett spill-
way.

During the evening hours of 7 April releases from Everett
were increased from minimal releases of about 50 cfs so that
by noontime on 8 April, conduit discharges in excess of 1,500
cfs had been reached. Because of the tremendous storage of
both Piscataquog and Contoocook River floodwaters behind
Everett Dam, and the downstream channel capacity, it took
more than 4 weeks to get back to normal levels.

Inflows into the Blackwater Reservoir during th( second
event also caused a record storage (90 percent of capacity)
and a pool stage that came within 1.9 feet of spillway crest.
From a flood regulation standpoint though, this was not a

i0Ne

10



W

condition in which spillway discharge was imminent, because
it still left an amount of storage equivalent to about 0.75
inch of runoff from the 128-square mile drainage area. This
meant that significant reservoir releases could be delayed
for several days, while large releases from Hopkinton could
be maintained and runoff from uncontrolled downstream areas
continued to recede.

D. THAMES RIVER BASIN

The Thames River basin, consisting of the Shetucket,
Quinebaug and French River watersheds, experienced two dis-
tinct peak discharges as a result of the two storms. The
larger of the two events was generally the first, and was
caused by 3 to 5 inches of intense rainfall which fell in
less than 48 hours. Neither event was hydrologically un-
usual. However, because of the closeness of the two storms,
there was not much opportunity to release the stored flood-
waters from the projects prior to the second storm, and res-
ervoir levels rose to record heights at three dams and near
record at two others. There were no significant problems in
the communities located downstream of Corps dams, but these
rivers remained near bankfull capacity for about two weeks
while the reservoirs were being emptied.

On the French River, downstream flows were kept below
channel capacity as both Hodges Village and Buffumville rose
to maximum storages amounting to 59 and 58 percent full,
equivalent to 4.8 and 4.7 inches of runoff from their respec-
tive watersheds. French River flows in Webster, Massachu-
setts peaked at 950 cfs which is about 50 cfs below channel
capacity; the computed natural peak was 3,000 cfs.

Observed flows in the upper Quinebaug remained below
flood stage because of the large percentage of controlled
drainage area provided by East Brimfield and Westville which
filled to 47 and 48 percent, respectively, their second high-
est amounts.

Similar conditions prevailed along the lower Quinebaug
River downstream of West Thompson Dam which rose to a record
height of 60 percent. For example, the observed peak of
4,100 cfs at Putnam, Connecticut would have been 10,500 cfs
and Jewett City's observed flow of 12,000 cfs would have been
17,000 cfs.

Mansfield Hollow Dam, on the Natchaug River upstream of
Willimantic, Connecticut had a peak inflow of 10,300 cfs dur-
ing the first event, and utilized 50 percent of storage dur-
ing both floods. The regulation activities at the project
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kept downstream flows on the Natchaug and Shetucket .Rivers3
weli within channel capacities. Peak flows on the Shetucket
Rvrat Willimantic would have risen to about 13,500 cfs,

which is 50 percent more than channel capacity.

E. NAUGATUCK RIVER BASIN

The Naugatuck River watershed, located in western Connec-
ticut, is a tributary of the Housatonic River. This water-
shed is highly industrialized, has a drainage area of 312
square miles, and consists of many short, steep tributaries
discharging into the Naugatuck River. The Corps has built
7 flood control dams, which control 152 square miles or about
50 percent of the watershed. Four of these dams, namely,
East Branch, Hall Meadow, Northfield Brook and Hancock Brook
are ungated and discharges are automatically limited by the
conduit size.

During both flood events, the watershed experienced two
significant rises, with the second being the larger. Flood-
ing occurred on many of the unprotected tributaries and rose
to slightly above channel capacity along the lower reaches of

* the main stem below Beacon Falls, Connecticut.

In the upper watershed, East Branch reservoir levels rose
to a record 31 percent full, with 19 percent at Hall Meadow
Dam. Both projects kept the river in Torrington below flood
stage. At Thomaston Dam, the most important one in the
watershed, two separate peak inflows of 6,000 and 10,700 cfs

* occurred, and floodwaters rose to 34 percent of storage ca-
pacity.

Peak storages at Hancock Brook Lake and Northfield Brook
Lake reached 37 and 32 percent of capacity, respectively, as
both projects also acted with the other reservoirs to reduce
downstream floodflows along the Naugatuck River.

At Black Rock Lake, peak storage reached 41 percent, as
holdouts helped to reduce flow on the main stem as well as
preventing significant flood damage downstream along Branch
Brook. Likewise, Hop Brook Lake, which stored 35 percent of
capacity, prevented considerable damage downstream along Hop
Brook as well as contributing to flood reductions on the
Nauga tuck River.

As a result of the regulation of the seven reservoirs, a

flows at the Beacon Falls gage were kept to 10,800 cfs. The
computed natural flow would have been 27,000 cfs, or more
than twice the channel capacity.77
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F. BLACKSTONE RIVER BASIN

A record pool level, 25.5 feet and 67 percent of storage,
was experienced at the Corps West Hill Dam in the Blackstone
River basin during these two storms. As a result of this
regulation, peak inflows into West Hill of 1,200 cfs (43 csm)
for the first storm and 1,000 cfs (36 csm) for the second
storm were held back from flows on the Blackstone River, re-
ducing discharges at Woonsocket, Rhode Island by 10 percent.

III. DAMAGES PREVENTED

Observed flows and computed natural discharges were compiled
by RCC for all damage zones downstream of Corps reservoirs
and also at Corps local protection projects. A tabulation of
this hydrologic information for selected index stations is
included in exhibits 38a and 38b. This information was pro-
vided to the Corps Economic and Resource Analysis Section for
determination of 'damages prevented' by Corps flood control
projects. A tabulation of benefits assigned to each project
is included as exhibits 39a, 39b and 39c. Total damages pre-
vented by Corps projects in New England during this flood
event amounted to $462,596,000; of this total, about 68 per-
cent ($314,570,000) was associated with reservoir regulation
activities. The benefits for each reservoir were determined
by the effects of that reservoir's holdout flow on the com-
puted natural peak flows in each downstream damage zone.
Benefits associated with Corps-built local protection proj-
ects, based on observed flows at each project, are included
and amount to about 32 percent of the total.

The floods of March-April 1987 were unusual because of the
nearness of the two important storm events, each of which
resulted in significant peak flows in river basins in south-
ern and central New England. Both of these floods were indi-
vidually large enough to result in considerable "damages
prevented" by Corps projects. However, due to the closeness
of the two events, flood control benefits associated with
regulation activities were based upon the difference between
the higher computed natural peak flow and the higher observed
peak flow. An example of this concept is illustrated on
worksheet A-8 which shows observed peaks of 55,200 and 85,000
cfs at Lowell, MA. Computed benefits were based on the 'dam-
ages prevented' between the observed flow of 85,000 cfs and
the computed natural peak flow of 103,000 cfs, which were
associated with the second flood peak on 7 April. No bene-
fits were claimed for the regulation activities associated
with the first flood event, even though the first peak was
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reduced from 92,500 to 55,200 cfs, equivalent to a 40 percent
reduction.

IV. ADVISORIES

During the floods, NED's Public Affairs Office issued daily
releases to the media (television, radio and newspapers)
region-wide via "PR News Wire" concerning general flood con-
ditions and Corps activities. in addition to this, special
advisories were issued to those media and public officials
listed in the Corps-prepared Flood Emergency Plans for eight
reservoirs. Such advisories with evacuation notices were
issued for all projects where spillway discharge occurred (6
projects) or was anticipated (Hopkinton and Everett). For
example, the advisory issued regarding the evacuation of
areas downstream of Hopkinton and Everett Lakes is included
in exhibit 40.

V. DATA COLLECTION

NED's Water Control Data System consists of a satellite
ground receive station and a set of 46 data collection plat-
forms (DCP's) installed at key river gages and flood control
dams. Exhibits 41 and 42 provide a location map for these
gages and a sketch of a typical gaging station, respectively.
DCP's are programmed to transmit river stage and rainfall
data randomly in time, and to adapt the frequency with which
they transmit according to depth of water. That is, as
rivers rise, the DCP's transmit more messages -- from a low
of 6 per day to a high of about 48 per day. This mode of
operation provides an abundance of data when it is most
needed. Prior to the March-April flood, the network was
transmitting about six messages per DCP per day; and during
the 15-day period surrounding the flood, 8,250 messages were
received, for an average of almost 13 messages per DCP per
day. This is equal to about 52 seconds of "on-air" time per
DCP per day. This rate of reporting was considered suffi-
cient.

one of the most useful products of the GOES data collection
system is the printout (called "latest") that tabulates the -

most recent data from each DCP. This printout is very easy
to obtain from the RCC computer, and RCC personnel produced 1

copies of it on the order of 50 times a day at the height of
regulation activities. That is one indicator of how impor-
tant it was to have up-to-date river information. Two

14A



samples of "latest" are attached -- one showing preflood
conditions on 30 March 1987 at 0808 hours (exhibit 6) -- and
the other showing conditions during widespread flooding on
7 April at 1305 hours (exhibit 7). On the latter printout,
riverflows that exceed channel capacity or reservoirs that
are quite full are indicated by the word "FLOOD" in the right
margin. Rivers that are on the rise but below a preset
threshold are indicated by the word "WARN". Another meaning-
ful product of this computer controlled system can be ob-
served on exhibit 43 which lists the gage readings on 4 and 5
April 1987 from Montague City on the Connecticut River. This
kind of data is available for each station for any length of
time.

Out of NED's 46 data collection platforms, 43 performed well
during the flood, and three did not. Two of these (East
Branch Dam and Northfield Brook Lake) were not reporting be-
cause the manometers had been shut off for the winter due to
ice problems and had not yet been turned back on. The third
DCP, Deerfield River at West Deerfield, transmitted bad data
because of a faulty shaft encoder. I

For analysis and long term archiving, all data and most com-
putations from the flood have been separated from routine
data and stored in dedicated computer files in the directory
"/user4/87flood."

VI. PROJECT MANAGERS AND FIELD PERSONNEL

NED field forces performed in an outstanding manner through-
out the flood period; they provided around-the-clock opera-
tions of project facilities and hydrologic reports, monitored
embankments and structures, patrolled reservoir areas,
alerted downstream residents and provided an interface with
the public. They were the eyes and ears of our regulation
activities and RCC appreciates their contributions. An
organizational chart for the reservoirs is shown on exhibit
44.
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FLOOD OF MARCH/APRIL 1987

RAINFALL TOTALS(INCHES)

31 MARCH-i APRIL 4-8 APRIL TOTAL

MERRIMACK RIVER BASIN

FRANKLIN FALLS 1.85 2.15 4.00

BLACKWATER 1.72 4.41 6.13

MACDOWELL 2.60 6.72 9.32 %
HOPKINTON 1.86 5.93 7.79

EVERETT 1.99 S.70 7.69

CONNECTICUT RIVER BASIN

UNION VILLAGE 0.95 1.62 2.57

NORTH HARTLAND 1.S6 1.41 2.97

NORTH SPRINGFIELD 1.60 1.90 3.50

BALL MOUNTAIN 2.15 4.15 6.30

TOWNSHEND 2.25 3.36 5.61

SURRY MOUNTAIN 2.21 2.18 4.39

OTTER BROOK 1.88 3.71 5.59

BIRCH HILL 2.55 3.81 6.36

TULLY 2.76 3.90 6.66

BARRE FALLS 3.21 5.10 8.31

KNIGHTVILLE 2.65 5.05 7.70

LITTLEVILI.E 3.10 5.10 8.20

COLEBROOK 3.50 5.98 9.48

NAUGATUCKRIVER BASIN
THOMASTON 3.66 6.17 9.83

BLACK ROCK 3.40 6.27 9.67

HOP BROOK 4.78 5.00 9.78

THAMES RIVER BASIN

MANSFIELD HOLLOW 4.40 3.70 8.10

BUFFUMVILLE 4.90 4.67 9.57

HODGES VILLAGE 3.97 4.53 8.50

EAST BRIMFIELD 3.98 4.45 8.43

WESTVILLE 4.30 4.4S 8.75

WEST THOMPSON 4.40 4.21 8.61

BL.ACKSTONE RIVER_ BASIN

WEST HILL 4.00 5.31 9.31

EXH II.T I
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NEW ENGLAND DIVISION, CORPS Of ENGINEERS

FOR OFFICE USE ONLY
SITUATION BULLETIN 3 .4%

Wednesday 25 March 1907

1. In the past two weeks, since the last Bulletin, the 4
unusually dry weather pattern in our area has continued; and
since the end of January approximately 7 weeks ago there has
been only one period of significant precipitation.

2. Overall the weather has been clear and sunny with cool to
mild daytime temperatures in the 40's and SO's and night-time
temperatures in the 20's and 30's. This has resulted in a
significant reduction in the regions' snowpack through
evapor-ation and ground infiltration, with a minimum of
surface runoff occurring.

3. In general there is little or no snow remaining in Rhode
Island, eastern and southern Massachusetts and Connecticut
and southeastern New Hampshire. Within the following water-
sheds of southern New England in which Corps flood control
reservoirs are located, namely: Blackstone, French,
Quinebaug, Shetucket and Naugatuck Rivers, any remaining
snowcover is considered minimal and will not contribute to
flood conditions created by rainfall.

4. The southern tributaries of the Merrimack River basin
(Shawaheen, Concord, Nashua and other watersheds entering the
main stem downstream of Nashua NH) have little or no snow
remaining and snowmelt would add very little runoff to flood
conditions created by rainfall. The central and northern
watersheds of the basin - Piscataquog, Contoocook and
Pemigewasset have a normal, ripe snowpack with a water
content that presently varies from 4*-6".

5. The Connecticut River basin extends from northern New
Hampshire to Long Island sound, a distance of about 290
miles. Its topography ranges from the flat coastal plains in
CT., to the hilly areas of MA., to the Green and White Mts of
VT. and NH. Therefore there is a wide variety of snow cover
conditions:

- little or no snow In Connecticut and southern
Massachusetts.

- little or no snow in open fields, Lower elevations,
southerly and westerly exposures of central and northern
Massachusetts.

- ripe, normal snow pack in the higher hills and %
Berkshires as well as northerly exposures and forested areas
of central and northern Massachusetts. .

- heavy, ripe snow cover in the Vermont watersheds with
water contents of 5-9". However lesser amounts exist in the
open fields and southerly exposures.

- average, ripe snowpack in southern and central New
Hampshire with water content of 2"-4'.

6. Based on RCC personnel observations and discussions with
our reservoir project managers, this year's flood potential
associated with ice jams is over. Most rivers downstream of
Corps reservoirs are ice free or partially ice covered. In
those few areas where total ice cover remains, the cover is
thin or 'soft'.

7. River levels and discharges at all gaging stationsa
monitored by NED's GOES data collection network continue to
remain well below normal for this time of year. A copy of 4'
this latest printout is attached for reference; a brief
summary of conditions follow:

River Basin Mainstream Discharges

Merrimack 15-201 of channel capacity
Connecticut 15-201 of channel capacity
Thames(Quinebaug/Shetucket) 20-30% of channel capacity
Housatonic(Naugatuck) 301 of channel capacity -%

Blackstone 251 of channel capacity

S. Weather forecasts for the next several days indicate
light rain or shower activity (1/4"-1/2") for Wednesday night
and part of Thursday with a return to fair weather and temp- %
eratures in the 50's on Friday. This light rain will not
cause any flood problems. However there is a possibility of
significant rainfall for late Saturday afternoon and night.

Chief, Reservoir Control Center
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6OES RRDCS READINGS DATE: 3/30/87 TI1E 8:08

NO. NAME D.A. M/D TIME DT STAGE ./- 0 */- CSM STORM NOTE

So MI HR:MIN HRS FT FT/HR CFS 02/HR 0/DA PREC.

38 WELLS RIVER 2644 3/30 4:54 .3 6.85 .0 16470. 0. 6.2 .18

36 WEST HARTFORD 696 3/30 5:16 4.0 8.95 -.04 7158. -78. 10.4 .25

35 WEST LEBANON 4092 3/36 7,58 2.8 13.32 -. 01 26816. -27. 6.6

37 NORTH WALPOLE 3493 3/36 2:29 7.3 17.08 .01 37920. 55. 6.9 .00

15 KEENE 214 3/30 7:2P3 1.7 71.58 .00 0. 0. .0 .00 WARN

7 WEST DEERFIELD 558 3/30 5:4i2 2.6 7.88 -.05 13744. -196. 24.6 .00 WARN

6 MONTAGUE CITY 7865 3/30 7:42 1.4 21.33 .24 48120. 943. 6.1
5 GIBBS CROSSING 199 3/30 5:03 6.1 3.05 .00 448. -1. 2.3 .00

17 INDIAN ORCHARD 688 3/30 7:51 2.1 5.88 .0 1250. 0. 1.8 .13
I8 WESTFIELD 497 3/30 7:01 7.2 7.69 .01 3384. 13. 6.8 .00,
16 THOMPSONVILLE 9661 3/30 8:05 6.8 3.67 .01 56621. 162. 5.9

27 MAD RIVER DAM 18 3/30 6:06 .8 18.10 .00 86. 0. 4.8 .21 CHRGE

24 UNIONVILLE 378 3/30 5:02 1.4 6.03 .00 838. 0. 2.2 .00

20 SIMSBURY * 497 3/30 6:35 3.0 3.99 -.61 996. -4. 2.0 .13

19 HARTFORD (NWS) 10480 3/30 8:09 4.5 13.91 .00 52595. 1@. 5.0

39 CAMPTON 58 3/30 7:13 3.2 10.82 -.01 438. -4. 7.5 22.61

33 WOODSTOCK 193 3/30 2:07 3.7 4.48 -.01 1233. -7. 6.4 .00
34 RUMNEY 143 3/17 23:52 NO DATA RECEIVED IN LAST 18 HOURS
32 PLYMOUTH 622 3/30 2:52 1.0 4.56 .10 52n3. 131. 8.5 .00
40 BRISTOL 86 3/30 6:58 .7 4.74 .00 740. 0. 8.6 .01
47 FRANKLIN JCT 1507 3/29 15:55 2.5 7.86 .00 5996. -7. 4.0 .

10 RIVER HILL 760 3/30 7:27 1.8 14.53 .00 5341. 0. 7.0

3 SOUCOOK 77 3/30 6:44 9.6 8.24 .01 377. 4. 4.9

11 CONCORD 2385 3/38 7:29 3.4 6.63 .07 9325. 185. 3.s
8 GOFFSTOWN 202 3/30 6:40 2.2 6.46 .00 1513. 3. 7.5 WARN
9 GOFFS FALLS 3092 3/30 2:31 3.1 7.57 .01 15202. 31. 4.3 .00-

41 SOUHEGAN 171 3/29 22:31 6.8 4.84 -.01 1046. -4. 6.1 .01
42 EAST PEPPERELL 316 3/30 3:27 8.6 3.70 .00 1246. 1. 3.3 .00
14 LOWELL 4635 3/30 7:51 .3 47.11 .00 21706. 0. 4.7

28 HALL MEADOW DAM 17 3/30 6:58 .1 9.64 .00 123. 0. 7.2 .17
30 EAST BRANCH DAM 9 11/ 6 10:57 NO DATA RECEIVED IN LAST 18 HOURS

26 THOMASTON DAM 99 3/30 7:04 5.1 6.30 -.04 282. -1. 2.3 .00
31 NORTHFIELD BRK LK 6 3/30 2:59 4.3 5.36 .00 0. 0. .0 .22

25 BLACK ROCK LAKE 23 3/30 4:14 7.2 27.28 .00 86. 8. 3.7 .23

23 HANCOCK BRK LAKE 12 3/38 6:47 .7 2.91 .00 0. 0. .0 .22
29 HOP BROOK LAKE 16 3/30 4:47 2.8 19.25 -.01 16. -1. 1.0 .31
43 WATERBURY ISO 3/30 1:15 4.2 8.03 -.03 623. -18. 3.5

22 BEACON FALLS 259 3/30 7:44 3.4 3.41 -.01 700. -7. 2.7 SO
21 STEVENSON 1545 3/30 5:00 .1 .73 .00 48. 0. .0

2 WEBSTER 85 3/29 22:13 2.5 5.17 .00 355. 0. 4.2 .00
45 PUTNAM 331 3/30 8:08 2.2 4.40 -.01 1820. -6. 3.1

4 JEWETT CITY 715 3/30 4:'41 6.4 7.74 .92 1847. 4. 2.6 .130
1 WILLIMANTIC 401 3/30 7:17 1.7 3.56 .00 744. 0. 1.9

13 NORTHBRIDGE 139 3/30 0:41 12.2 4.64 .00 496. -1. 3.6
12 WOONSOCKET 416 3/30 6:44 3.6 1.24 .00 171. 0. .4 .00

EXHIBIT 6



6OES RRDCS READINGS DATE: 4/ 7/87 TIME 13:05

NO. NAME D.A. M/D TIME DT STAGE ./- 0 /- CSM STORM NOTE
S MI HR:MIN MRS FT PT/HR CFS 0/HR Q/DA PREC.

38 WELLS 'RIVER 2644 4/ 7 12:41 1.9 7.48 .01 19060. 43. 7.2 .51
36 WEST HARTFORD 690 4/ 7 12:37 5.3 10".00 .04 9585. 92. 13.9 1.43 WARN
35 WEST LEBANON 4092 4/ 7 11:28 .2 15.43 -. 18 349290. -720. 8.5 WARN
37 NORTH WALPOLE 5493 4/ 7 12:21 2.0 22.35 .07 59298. 32 . 10.8 1.50
15 KEENE 214 4/ 7 13:01 1.1 73.26 .00 0. 0. .0 .00 FLOOD
7 WEST DEERFIELD 538 4/ 7 13:04 1.4 -8-.6 -.07 14840. -286. 26.6 .01 FLOOD C

6 MONTAGUE CITY 7865 4/ 7 12:29 1.0 33.00 .13 106500. 793. 13.5 FLOOD
5 GIBBS CROSSING 199 4/ 7 10:48 3.7 5.66 .01 2715. 5. 13.6 .00 FLOOD

17 INDIAN ORCHARD 688 4/ 7 11:13 5.5 9.69 .06 5695. 90. 8.3 1.59
18 WESTFIELD 497 4/ 7 12:10 .7 13. 2 .00 11620. 0. 22.4 .00 FLOOD
16 TO-MPSONVILLE 9661 4/ 7 10:-8 .: 7.79 .00 128178. 0. 1:.3 WARN
27 MAD RIVER DAM 18 4/ 7 12:14 .9 73.23 -. 05 417. 0. 23.1 3.82 FLOOD C

24 UNIONVILLE 37S 4/ 7 11:27 .0 173.80.*.*. 495086.*..**. *- .- 81.92 NVLD C.-
20 SIMS3URY * 497 4/ 7 13:01 .1 13.85 .30 1540a. 1200. 31.0 2.78
19 HARTFORD (NWS) 10480 4/ 7 12:05 .7 26.04 .03 135320. 223. 12.9 FLOOD

39 CAPTON 58 4/ 7 10:26 3.3 11.50 -. 01 1047. -13. 18.1 1.03 r

33 WOODSTOCK 193 4/ 7 10:20 5.0 6.63 -.05 3002. -73. 15.6 .00
34 RUMNEY 143 4/ 7 9:58 6.2 4.17 .00 1739. 0. 12.2 .98
3M PLYMOUTH 622 4/ 7 9:37 2.0 8.12 -. 11 10754. -192. 17.3 .00 WARN -
40 BRISTOL 86 4/ 7 12:04 3.5 6.7Z -. 05 1784. -28. 20.7 1.58 WARN
47 FRANKLIN JCT 1507 4/ 7 11:40 .a 13.57 .01 - 17096. 23. 11.3 WARN
10 RIVER HILL 760 4/ 7 12:48 .2 21.56 .00 18350. 0. 24.1 NVLD
3 SOUCOOK 77 4/ 7 12:37 .9 9.96 .13 1028. 70. 13.4
I1 CONCORD 2385 4/ 7 12:59 1.2 12.45 .00 25825. 0. 10.8 2.28 WARN
8 GOFFSTOWN 202 4/ 7 12:54 .4 9.25 -.05 4495. -68. 22.3 FLOOD 4
9 GOFFS FALLS 3012 4/ 7 12:30 .4 14.06 -.07 46328. -360. 15.0 3.84 FLOOD

41 SOUHEGAN 171 4/ 7 8:20 6.7 9.40 -.03 5522. -36. 22.3 .49 FLOOD
42 EAST PEPPERELL 316 4/ 7 9:44 1.9 14.27 .00 8548. 0. 27.1 4.81 NVLD
14 LOWELL 4625 4/ 7 12:32 .4 57.21 .00 89048. 0. 19.2 FLOOD

28 HALL MEADOW DAM 17 4/ 7. 13:04 .3 t0.84 1.08 319. 4. 18.8 10.39 WARN CH-
30 EAST BRANCH DAM 9 11/ 6 10:57 NO DATA RECEIVED IN LAST 18 HOURS
26 THOMASTON DAM 99 4/ 7 13:40 .3 73.22 -.16 1446. 0. 14.9 .00 FLOOD
31'NORTFIELD BRK LK 6 4/ 7 8:28 3.2 5.27 .00 0. 0. .0 3.19
25 BLACK ROCK LAKE 23 4/ 7 12:50 .3 71.31 -.39 281. -4. 12.2 5.09 FLOOD
23 HANCOCK BRK LAKE 12 4/ 7 12:59 .2 16.31 .00 277. 0. 23.1 4.02 WARN
29 HOP BROOK LAKE 16 4/ 7 12:42 .9 49.S -. 15 222. 0. 12.9 4.87 FLOOD
43 WATERBURY 180 4/ 7 12:29 1.3 11.78 .18 4518. 283. 25. I WARN
22 BEACON FALLS 259 4/ 7 12:59 1.5 7.33 .03 4568. 46. 17.6 .00 WARN
21 STEVENSON 1545 4/ 7 9:16 .2 13.39 .18 21137. 624. 13.7 WARN

2 WEBSTER 85 4/ 7 12:22 .7 8.41 -. 03 972. -9. 11.4 .00 FLOOD
45 PUTNAM 331 4/ 7 13:05 .7 8.13 .02 3660. 26. 11.1 WARN

4 JEWETT CITY 715 4/ 7 11:34 1.7 13.53 .02 8246. 24. 11.- .00 WARN
I WILLIMANTIC 401 4/ 7 12:04 3.2 8.20 .03 4777. 36. 11.9 WARN

13 NORTHBRIDGE 139 4/ 7 12:48 .3 9.17 -.04 3439. -28. 24.7 FLOOD
12 WOONSOCKET 416 4/ 7 11:01 1.0 1.14 -3.74 146. -P226. .4 .00 .e
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va113 STOWE FmE is E11GLAND DIVISIU S

FL 10 EL V0 S D0ING TRE UAI-94. 1987 FOD

DRAI1GL PE AS PEal STAGE flOD COITOL
mawC AREA STAGE UInKix STOAG UTILZE

SO. 11. ACRE-FEE? sumLI CLLOU umCE PERCENT FULL

Cm ,ecti-t l1e bais

Rm VILLAGE 125 97.a 4 12.600 4,100 1.9 34

Em 22RTLAND 13.8 1 46,800 1S,900 4.2 71

Em SmINGFE D 15 05.2 1 40,300 13.200 4.8 82

SALL NORTAIN 172 213.9 1 54,300 17,700 5.9 100+

TWISID 106(net) 98.6 1 35,000 11,400 6.2 100+

5UM? IrI1J 100 66.1 1 32,800 10,700 6.1 100+

mm ffm 47 99.4 1 18,100 5,900 7.3 100+

DIC R 175 33.8 1 40,500 13,200 4.3 0

TLT so 35.3 1 12,600 4,100 4.8 62

SAM FLL (l)  55 801.4 1 16.700 5.400 5.6 72
C0NANI EOOI 7.8 17.7 6 250 80 0.6 6

lIG]IVIL.E 162 132.4 1 51,0 16,800 6.3 100+
L5rrtL.E (1)  52 571.7 1 21,000 6,800 7.7 89

cgiRoo(l) 11s 732.8 5 43.000(2) 14.000(2) 6.7(2) 41
3*0 amVE is 74.5 2 2,360 770 2.5 26
SUCOOm 3.4 24.9 2 340 110 1.3 24

',.,

lhrrimAde liver $asin

Fm4n[LN FAL,5 ( l )  10wo 375.4 2 116,100 37.800 2.2 76

LAC1iATER 1 ) 12 564.1 1 40,900 13,300 6.0 90

9OPKITUNM- E ET 1 )  446(uet) 415.8 1 154,000 50,200 6.5 95
B (1) 44 949.8 1 16,200 5.300 7.0 100+

Iasaeatuck liver lain

1101570 70.7(met) 75.6 3 14,300 4,700 2.7 34
hI OC 20.4 79.0 3 3,600 1,200 3.6 41

m mm 15.4 50.5 4 2,500 800 3.0 35
RAN= 1a 12 19 (eat) 2 1,400 460 2.2 37
INEITIEL UM 5.7 62 (at) 2 750 240 2.5 32

IALL NEADAO 17.2 21.6 2 1,800 590 2.0 19
EAST mum 9.3 39.8 1 1,330 430 3.2 31

DM l iver gain

EAST NRIELD 67.5 26.0 2 14,000 4,600 3.9 47
TYDJJ 32(me) 49.2 2 S,300 1,700 3.1 48

V EST 74(wt) 40.9 1 1S,400 5,000 3.9 60

ICG2US vjI,, 31.1 27.4 1 7,900 2,600 4.8 S9

RUFFRYILLE 26.5 32.5 1 6,SO0 2,100 4.7 58
IIS m miLO 1s9 46.8 4 25,so 8,300 3.0 so

Ilackatom liver aIin

VET LL 28 25.S 1 8,350 2,700 S.6 67

mOTES (1) flavatima of the pool is in feet IGM. ".
(2) Volume of rumoff stored during flood event EXHIBIT 8

bt



U S ARMY CORPS OF ENGINEERS

Legend: Ran=] Snow Z ,M'ad TOrAL-3.3 IN.
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U S. ARMY CORPS OF ENGINEERS

Legend: Rain= ,SnowIZ ,MizedgM TOTAL3.7 IN.

1.0.
2%

I T

SpillIway

7777777777 71.

W 12040

T I I

I F

0 %

0. 0

Summer

Winter I4

Gate 1 1 1 f l

ff",1

I ITT I 1 0
0i A T I i T I 1 1 1 1 1 1 7o

0.

31 MARCH -30 APRIL 1987

MONTHLY RESERVOIR OPERATION
NORTH H4ARTLAND RESERVOIR
CONNECTICUT RIVER BASIN 1

GROSS
E'..EVATION STAGE STORAGE D.A. -220 SO.MILES J

MSL FEET AC-FT I* R0 11,730 Ac F'

Gate Invert 390.0 0 0 NEW ENGLAND DIVISION

Winter Pool 410.0 20.0 700 WALTHAM,MASS. '

Summer Pool 425.0 35.0 3050
Somili Crest 546.5 156.5 71,800
Outlet Capacity at FullI Pool *11900 cl~

EXHIBIT 10

-a
%.



U.S. ARMY CORPS OF ENGINEERS

Legend; Rain= ,Snow~ MMixd~ TOTAL=5.4 IN.
13 151 1718

0I

Uz 'c 10 11 192Q2- ZZ
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[ i f . 1I T I I
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litA
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31f MAC f 30APIc18

MONHLYRESRVI OPERA(O
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CONNCTICT RVER ASI

2 .

1

I EXHIBIT 11

...................... *~~ I,'5~~ ' 'Snbsk 5 1~.' 1.%**

5f- L7.S . T*.'.-.*. 17119Z Z Z 25 42



U S. ARMY CORPS OF ENGINEERS

Legend: Rain= IT no Mixed rOrAL=7.9 IN. .op

11213 4151 1 14 1511 171
0

1.011T II
I T I I

IL I I I I I , T I I I fo
2 .0 IFF I I I I I I I I I I rI 1 1 s

1 11 1 1 1 T I 1 1 1 1 1 1 1 1 1 1 1

T I -

250 I0

4.6.

400
MONTHLY I REEIRPRTO
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CONECCU RIVER BASIN

150~
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U S ARMY CORPS OF ENGINEERS

Legenti Rain= ,Snow= ,Miued OW TOrAL=6.7 IN.

S1.0

U Zi

'4..0

If I

I I T

-4U-

so 0

20
0 r

01

404

I T

Peirmon nt

2*20

Gat

.1 M

0

31 MARCH -30 APRIL 1987

MONTHLY RESERVOIR OPERATION
TOWNSHEND _ RESERVOIR

CONNECTICUT RIVER BASIN
GROSS (e. 0 o IE

ELEVATION STAGE STORAGE D.A a (Neos) 2078 .MIE
MSL FEZT AC-FT I"R.O. v 36 50 Ac -Ft. (Net Area)

Gate Znveri 457.0 0 0 NEW ENGLAND DIVISION

Permanent Pool 478.0 21.0 1900 WALTI4AM,MASS.

Spillway Crest 553.0 96.0 33,600

Outlet Capacity at Full Pool a 21,300c.f.s.

EXHIBIT 13



U S ARMY CORPS OF ENGINEERS

Legend: Rain~ =Snow MoxodZ TOTALi6.3 IN.
7f8 11011 71819

0F

S2.0

CRS - r513
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T3 I T
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0 0

30 0
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GaEte 47er 0 8 0 'R.*53 CF
2eaate 7,o 50 1 1,320 J 11T tAu'aI4A-?

GROS -ASUELO RIEXHBI 14S



U S ARMY CORPS OF ENGINEERS

Legend: Rain ,Snow M ,Mixed~ rOrAL=7'.1 IN.

113[4[16178 1[11 211141151611 1 790 Ff I' I I I [ f I II 11 1 1 1 1 1 1 1

2.0 e

AT 98

T 1- 1
I N

4 0

cCc

> W

~cc~rA~rcc

31 MAC 1 30 APRIL7 111 198
MOTL REEVI OPERATION 1

OTTER BRO REEVII
CONETIU RIE BAI

GROSS
ELVAIN TGE SORG DA * ~ SO.MIE

31 MARCH EXHIBIT 158
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U S. ARMY CORPS OF ENGINEERS

Legend: Rain= ,Snow~ COMied~ r0OrAL=8.8 EN.
13145 6 78901111 114 116 l-~ 19 1

0 o l 1 11 111 1 I lIl
F l i i t( i n I s I t -1

II I I I I T I I I I I f i l
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Gate~~~~lii Inei 850NWEGAOOVSO
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U-S ARMY CORPS OF ENGINEERS

'iegend: Rain~ Snow~ Mixed 2 TOTAL-9-2 IN.
12F34567 891.9111 13 14 1 16.1718 9120 i26 ~

z 0
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2.0 3
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0 1
06 i t 
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31o MAC 3 PIL18

MON~LY ESEROIROPERTIO

MI L itT A-TIR..26 cF

G777n7rt62. 0 0 2E NLNDDVSO
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US ARMYCORPS OF ENGINEERS

Legend; Ran 4 Snow= 4 Mxed~ OAM 12t~
If1134516 789 lol 11 131411516117181191C2222- t J52;72t_~ MII %

-T_ Ta

Spillay

Crest
E! 807

17 50.5

I IT'.

Jil A.-

800 i , I I I T J I i I i I I I I 1 o

- 4
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_j JIT I IT Io

I T I T

790 20
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-4.4
EMT POOL
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EL.LU
GAT INV-4

L %'
Io

31 MARCH -30 APRIL 1987

GOS MONTHLY RESERVOIR OPERATION
ELEVATION STORAGE BARRE FALLS -RESERVOIR

Aot Ftet 6. CONNECTI C UT RIVER BASIN

Fullmool 807.0NONE -00 1" R.0 z 2930 Ac Ft
FullPO~ 8070 ~NEW ENGLAND DIVISION

outlet Capacity at full Post 3.000 c.~.WALTHAM, MASS.

EXHIBIT 18

ol ill~* **



U S. ARMY CORPS OF ENGINEERS

Legend: Rain-7, Snow= ,Mied= rOrAL-1 1.-3 114.

1 2 1 1 6 7 8 9101 11511

1.0'

.0

a. --

120 40

6 8 II I

31 MACH - 0 APRL.198
100

IOTL IEE~VI OPERATION1 1
I IIIGITIIL IEER OI

MSL~~~~ FEE AC0F 0 .~ 63 c

00
EXIIT 19%
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U S ARMY CORPS OF ENGINEERS

2Legend: Rain ED= Snow ,Mxed R rOrAL-I1.-8 IN.

M 23 67I1 I IIIII89

SpillwayI

1111T,
Crest -0 1.
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-24.-
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Pol 480 c
IL
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EXII 20
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U.S. A RMY CORPS OF ENGINEERS

Legend: Rin =Snow~ ,3Mixed Z0 TOTAL13.O IN.

1.0.

Z..O

ift

'97.7

761. Wite IV,

I f l ~
I T I I

I0
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j 66
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EXHBI 21



U. S. ARMY CORPS OF ENGINEERS

Legend: Rain~ Snow~ CMMixed SM TOTAL5.8 IN-.

X .0

l3-c2.0

Spillway
Crestat 389 4
1777711,777r.

380 28

108

360 .60
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IA i
S 340 IT111 i 1 13 0

I i ,I TLp! T i f.. I f i

j..

It +

Z" 0

It L.

pVA.

I' 0

31 MARCH -30 APRIL 1987
MONTHLY RESERVOIR OPERATION

GROSS FRANKL IN F&i I RESERVOIR
ELEVATION STORAGE PEMIGEWASSIFT RIVER BASIN

Ac. Ft - .A. JO .S0. MILES
P.Got. Invert Im.Q AL.. ! " R.O0. a 53,300 Ac Ft

Normal Pool 307! 00 NEW ENGLAND DIVISION
iPool at Spillway Crest 369.0 154000

Outlet Capacity with -- WALTHAM, MASS:
Pool of Spillway Crest w 42000 c.fj.
Maximum Regulated
Outlet Dis',.hrge 18.000 c. f. 1.

EXHIBIT 22



U S ARMY CORPS OF ENGINEERS

Legend: Rain~ =1Snow~ Mied W rOrAL-8.8 IN.

0

m T0

Crest 566 f461

33

I TI

11 If
14

550

6 *

LIoil

-40

3n %

I~

I T
CLo

3o z
.2'

124 31 M1ARCH 30 APRIL 1987 %

MONTHLY RESERVOIR OPERATION C*
.. %.

GROSS BLACKWATER RESERVOIRe%
ELEVATION STORAGE MERRIMACK RIVER BASIN

Ac. Ft. %..1J....S.IE
Gave IoiitIIS01R.O. z 6825 Ac-Ft

Full P..l ~NEW ENGLAND DIVISION Y*

outIat capacity at Full Pool AQQc t.. WALTHAM, M ASS.

EXHIBIT 23
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U S. ARMY CORPS OF ENGINEERS

Legend: Rain= ,Snow= ,Mixed= TOrAL-12.3 IN.
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U.S. ARMY CORPS OF ENGINEERS

Legend: Rain=,SnauZZ ,MjjedZ rOrAL-1o.9 IN.

I w il l

1.03 LE-T
I I U
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31 MACH3 APIL 1987

GRS TOAEI R ET MIMC RIE BAI
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PERMNETOO70 ,NT36SOhLE
POOL(RSI4SQ.IE
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U S. ARMY CORPS OF ENGINEERS

Legend: Rain~ = Snow~ M3Mized Ma rOTAL-9.8 IN.

0 1 1

S1.0 N

2.0 11i 1 I l f I

I IfI
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31 MARCH -30 APRIL 1987

MONTHLY RESERVOIR OPERATION
HOPXINTON - EVERETT RESERVOIR

GROSS S70RAGE IN ACRE FEET MERRIMACK RIVER BASIN
plegeltg.lt Eve., fl Hgpbmatoa . Cpueireft EVERETT RESERVOIR
Reservoir fteerveir 1414sileot.

GATEINVRT 00 0 PISCATAQUOG RIVER-N.H.

PERMANE(NT POOL 700 1,000 1,700D..6SOMIE
WEIR CREST- CA14AL NO. 2 23,500 46,500 72,000 1" R.O. .3410 Ac- Ff. (Not-Area) %
SPILWAY CRSTNP9UN1N) 70.800 86,500 15 7,300 N

H0PKlN1MN OUTLET CAPAY (POOL AT ELEV. 416)2 14,000 C.F.S. NEW ENGLAND DIVISION
E'(RETT CUTLET CAPACITY(POOL AT E..EV. 4161- :%000 C.F.S. WALTMAM, MASS.

157,300 A.- Ff. -6.O* from 490 S% me.

EXHIBIT 26



U S. ARMY CORPS OF ENGINEERS

Legend: Rain 1= Snow Mixed r0TAL-13.4 IN.
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EXII 27
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-W%1u1Ln Fill Tr jw : -- .

U.S. ARMY CORPS OF ENGINEERS

Legend. Rain~ = Snow~ ,3Mixed Z0 TTL1. N

00

c 1.0

Ia IS I Ir
I Ta

If i-
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4"n
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r EXHIBITI28
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U S. A R.MY CORPS OF ENGINEERS

Legend: Rain = , Snow~ Mixed 00 TOrAIAI 1.7 IN.
z

0.

Ia.

40

SPILLWAY

I f2 . L" ie

4 UJ

6-30

COSRv. z
STORAGE1 0

9 MIN.

0 i

01

31 MARCH -30 APRIL 1987

MONTHLY RESERVIR OPERATION
EAST BRIMFIELD RESERVOIR

TMAMES -RIVER BASIN
GROSS QIEAGRVR AS

ELEVATION STAGE STORAGE QIEAGRVR AS
(MS.L.) (FEET) (AC-FT) DA. -675! So. MILES

Gore Inwert G19 o 1l R.O. m 3600 Ac - Ft
Cons*~wiaa Poi(Min.) 626 9 1130
Consvwion Pool(Mcm.) 632 13 2320
Ssollay Cmst 653 34 32,200 NEW ENGLAND DIVISION N
Outlet Capacity at Full Pool m3,300 C.F.S. WALTHAM, MASS.

EXHIBIT 29



U S. ARMY CORPS OF ENGINEERS

Legend: Rain=] Snow= ,Mied Z TOTAL-I 1.4 IN.%

0 0 3 1 ?~~ 14 171 I~
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311 MAC % 0ARL18

IFTIL RESERVOIR IaI'

GavetIvt 510o(Gos9 55.MIE
Reerwati4 Poo 5251 7 10 0 81O s170 A-t.( r

31lia CAest 572 57RI 1987O

-RIVE BNGANVSO

Reuretio ol 551 0 C1"ct aO Fux 1,o 71 3,75 -Ft.S (Net .Aea)

EXHIBIT 30



del.

U S ARMY CORPS OF ENGINEERS

Legend: Rain= Sno= ,MixdZM rOrAL-I2.~3 IN.
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U S. ARMY CORPS OF ENGINEERS

Legend: Rain~ - fSnow~ EMMixed rarOAL-12.3 IN.
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US. ARMY COP FENIER

Legend: Rain= ,SnowEM Mixed= TOTAL-I3.1 IN.
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U S ARMY CORPS OF ENGINEERS

Legend: Rain =Snow~ Mixed~ = OrAL-11.7 IN.
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U.S. ARM0Y CORPS OF ENGINEERS

Legend: Rain ,Snow~ Mixed 0 TOTAL-12.5 IN.

.4.

SCL U
IU f I I I I I

4 40
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I T fl

IIf
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CL 4
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PerL.

Pool 27LU
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20 111 j i c
I T I T I

N 0c

0 I 0 ..

*1 31 MAC 3 PIL18
MONHL EE\II OPRTO

dL

HOUSATONIC RIVER BASIN
GROSS

ELEVATION STAGE STORAGE D.A. - 20. 4 SO. MILES
M4 S. L. FEET AC.-FT. 1R.0. a 1090 Ac. -Ft.

Gate Invert 410.0 0 0 NEW ENGLAND DIVISION

Permanent Pool 435.0 25 250 WALTI4AM,MAS3.

Full Pool 520 110 81700

Outlet Capacity at FullPoals 850 C.F.S.

EXHIBIT 35



UIS ARMY CORPS OF EN4GINEERS

Legend: Rain , Snow~ EMMixed~ r OrAL=12.8 IN.
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31 MARCH -30 APRIL 1987
MONTHLY RESERVOIR OPERATION

HOP BROOK RESERVOIR

HOUSATONIC RIVER BASIN
GROSS

ELE'IATION STAGE STORAGE0.A14SQMIE
Ga' Inert(MS L) (FEET) (AC- F7) A164SMIE

GlInet292.0 0 0 1' R 0.a 87 Ac-F

Recreation Pool 310 Is 120

VSpeltway Crest 364 72.0 6970 NEW ENGLANO DIVISION
VPOUtlet Capacity at FullI Pool *600 C. F. S. WALTHAM, MASS.

EXHIBIT 36



MOOD PEAIS T SMM USGS GAGI STATIONS

Drainage Observed Computed atural* lax mus
Area hak .ktL.. pea .iscame Previous Flood

Gaging Station sq. ai. cia cm do cm Date Cfa c"a

Pmiqematt liver 622 48,100 77 - - 3/19/36 65,400 105
at Plymuth, a

Contoocook liver 368 16,000 43 17,200t 47 8/21/38 22,200 60
at Imniker, IN

Coantoocook River at 760 111500 15 27.000+ 36 3/20/36 46,800 62
Penacook, IN (River 1111)

Pi cstquog liver 202 7,600 36 111500_ S7 9121/38 21,900 108
at Gaffstowm, IN

North Nashua liver at 63.4 3,400 54 - 4/5/84 2,740 43

Fitcu'g. N

Nashua liver at 316 11,70 37 - 3/20/36 20,900 66
East Peppernl, NA

Concord River 307 5.410 18 - 1/28/79 5,410 18

at Lowell. N

errimack liver 4,425 84,700 19 103.000+ 23 3/20/36 173,000 39
at Loell. KA

Ipswich Biwe 125 3,550 28 - 3120/36 2,60 21
sr. Ipswich, NA

Deerfield River 557 61,700 111 - - 2/31/48 48,500 87

at V et Deefeld. U

Lamprey liver at 183 7,500 41 - - 3/20/36 5,490 30
low Narket, IS

Vi.

Vithit Cor lemoir

EXHIBIT 37



EFFECT OF CORPS RESERVOIRS AT
SELECTED INDEX STATIONS - FLOOD OF APRIL 1987

7b

Drainage Observed Computed Natural Percent N

In0ex Station Area Diacharae D-tschQrae Rd uction

Sq. Mi. cf a cis

Connecticut River Basin

Connecticut River at 7,865 128,000 160,000 20
Montague City. MA

Connecticut River at 8,309 125,000 157,000 20
at Holyoke, NA M

Connecticut River et 9.587 141.000 174.000 19 .,*

at Springfield. NA

Connecticut River at 10.480 139.200 163,500 15
at Hartford, CT

Connecticut River at 10.869 140,SOO 165.000 15
at Middletown, CT

Black River at 158 3.900 11,000 64
at North Springfield. VT.

Miller& River at 280 3,000 7,500 60
at Athol, MA

Wes*tield River at 497 21,000 46,000 S4
Westfield, MA

V. Branch Farmingtoa 378 17,000 26,000 35
River at Unionville. CT

Farmington River at 591 16,000 22.000 27 -

Rainbow, CT

Merrimack River Basin

Merrimack River at 1,S07 20,000 591000 66
Franklin Junction, NH 0

Merrimack River at 2.385 29,000 72,500 60
at Concord, NH

Merrimack River at 3.092 48.000 83.000 42 -'

at Goff& Falls, NH

Merrimack River at 3.982 75.000 94.000 20
Nashua. NH

E XHIBIT2 T a 0 M
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EFFECT OF CORPS RESERVOIRS AT
SELECTED INDEX STATIONS - FLOOD OF APRIL 1987

Drainage Observed Computed Natural Percent
Index Station Area Discharge DLchar. Reduction

Sq. Ni. cfa cf a

Merrimack River at 4,63S 84,700 103,000 18
Lowell, MA

Merrimack River at 4,900 86,000 103,500 17
Haverhill. HA

Contoocook River at 118 3,300 5,600 41
Peterboro. NH

Contoocook River at 760 11,500 27,000 57
River Hill. MH (Penacook)

Piscataquog River at 202 7,600 11,500 34
Goffastown. NH

Thames River

French River at 85 950 3.000 68
Webster. MA

Quinebaug River at 331 4.100 10.500 61
Putnam, CT

Ouinebaug River at 715 12,000 17,000 29
Jewett City, CT

Shetucket River at 401 6.600 13.500 51 -"

Willimantic, CT

Saugatuck River Basin S

Naugatuck River at 100 3.800 12.000 68 V
Thomaston. CT

Naugatuck River at 180 8.500 22.000 61
Waterbury. CT _
Naugatuck River at 259 10,800 27.000 60

Beacon Falls. CT

Blacksatone River Basin

Blackstone River at 416 10.000 11,000 9
Woonsocket. RI

EXHIBIT 38b I
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HOP-EV EVACUATIONS

Property owners in low-lying areas immediately downstream of

the U.S. Army Corps of Engineers' Hopkinton-Everett flood control

project, which includes the Hopkinton Dan on the Contoocook River

in Hopkinton, N.H., and the Everett Dam on the Piscataquog River

in East Veare, N.H., are being urged to prepare for possible

evacuation of their homes. ""

Because of the more than five inches of heavy rain

experienced over the past two days, the reservoirs behind '-

Hopkinton and Everett dams are approaching maximum storage

capacity. As a result, water is expected to begin flowing over

the emergency spillway at Hopkinton Dam during Tuesday afternoon,

and this condition could possibly cause damage to low-lying homes

along the Contoocook River in Hopkinton, Concord, Penacook,

Boscawen and Canterbury. If the reservoir levels continue to

rise, emergency discharge could occur over the spillway at 1

Everett Dam late Tuesday night and may cause damage to low-lying

property along the Piscataquog River in Weare, Riverdale,

Goffstown, Grasmere, Pinardville and Manchester.

The Army Engineers are closely monitoring the situation and

will provide additional information as it becomes available.

They report that the dams themselves are in no danger of failing,

and that the emergency spillways were designed to handle much

greater flows than those anticipated from this flood event.
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Connecticut River at Mortaoue City, Massachusetts
Gaae Data for 4-5 Aoril 1987
Drainage Area a 4865 So. Mi.

MESSAGE DCP

DATE TIME STAGE DISCHARGE SEQ.NO. STATUS

YY/MM/DD HH:MM (FT.) (CFS) (CSM)* WORD

87 4 4 0 6 26.55 71550. 9.1 .00 10637 00494

87 4 4 0 50 26.45 71050. 9.0 .00 10638 00494

87 4 4 1 8 26.39 70750. 9.0 .00 10639 00494
87 4 4 1 57 26.28 70200. 8.9 .00 10640 004B4
87 4 4 2 44 26.12 69400. 8.8 .00 10641 004A4

87 4 4 4 42 25.31 65488. 8.3 .00 10643 04934

87 4 4 4 56 25.25 65200. 8.3 .00 10644 00494
87 4 4 5 2 25.23 65104. 8.3 .00 10645 004B4

87 4 4 6 8 24.98 63908. 8.1 .00 10646 00484

87 4 4 7 31 24.77 62942. 8.0 .00 10647 004B4

87 4 4 8 57 25.00 64000. 8.1 .00 10649 00494

87 4 4 10 17 25. 12 64576. 8.2 .00 10650 00494

87 4 4 11 26 25.59 66832. 8.5 .00 10651 004A4

87 4 4 12 10 25.52 66496. 8.5 .00 10652 004B4

87 4 4 12 37 25.63 67024. 8.5 .00 10653 00484

87 4 4 12 44 25.64 67072. 8.5 .00 10654 004B4

87 4 4 12 57 25.70 67360. 8.6 .00 10655 004A4 .

87 4 4 14 6 25. 79 67792. 8.6 .00 10656 004A4
87 4 4 15 15 25.22 65056. 8.3 .00 10658 004A4

87 4 4 15 52 25-.05 64240. 8.2 .00 10659 004A4 -.I
87 4 4 16 2 25.03 64144. 8.2 .00 10660 004A4

87 4 4 16 57 25.31 65488. 8.3 .00 10661 004B4

87 4 4 17 37 25.46 66208. 8.4 .00 10662 004A4

87 4 4 18 14 25.58 66784. 8.5 .00 10663 004A4

87 4 4 19 38 25.84 68032. 8.6 .00 10664 004A4
87 4 4 20 46 26.20 69800. 8.9 .00 10665 004B4
87 4 4 22 43 27.59 76868. 9.8 .00 10666 00484
87 4 5 0 35 29.26 85604. 10.9 .00 10667 004B4
87 4 5 3 29 31.02 95110. 12.1 .00 10668 00484
87 4 5 4 46 31.75 99125. 12.6 .00 10670 004B4
87 4 5 6 44 32.47 103320. 13.1 .00 10671 00494
87 4 5 7 15 32.46 103260. 13.1 .00 10672 00494
87 4 5 8 12 32.48 103380. 13.1 .00 10673 00484
87 4 5 8 21 32.58 103980. 13.2 .00 10674 004B4
87 4 5 9 37 32.70 104700. 13.3 .00 10675 00484
87 4 5 10 22 32.68 104580. 13.3 .00 10676 004A4
87 4 5 12 34 32.48 103380. 13.1 .00 10678 00484 9
87 4 5 16 41 31.94 100170. 12.7 .00 10681 004B4
87 4 5 18 20 31.64 98520. 12.5 .00 10682 00494
87 4 5 19 17 31.50 97750. 12.4 .00 10683 004B4
87 4 5 20 31 31.38 97090. 12.3 .00 10684 00484
87 4 5 22 6 31.34 96870. 12.3 .00 10685 00494
87 4 5 23 24 31.31 96705. 12.3 .00 10686 00049
87 4 5 23 29 31.33 96815. 12.3 .00 10687 004B4

* Discharges are given in cubic feet per second (cfs)

and cfs per square mile (csm).
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APPENDIX A

This section consists of a reservoir location map,
selected RCC worksheets showing reservoir levels and
computed reservoir inflows during the flood event,
as well as observed and computed natural flows at
selected gaging stations. Previous flood data is
also listed for comparison.

Worksheet
Basin Numbers

Merrimack River A-i thru A-10
Connecticut River A-il thru A-31
Thames and Blackstone Rivers A-32 thru A-42
Naugatuck River A-43 thru A-48
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